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@ Acoustic surface wave devices. 

@ An acoustic surface wave device having an oscillation 
frequency stable against temperature changes, and a wide 
range of oscillation frequency adjustment, is provided by an 
acoustic surface wave element comprising: a substrate of a 36° 
rotated Y-cut single crystal lithium tantalate having X, Y and Z 
crystal axes and a top surface and side walls; electrodes 
formed on the top surface of the substrate such that an 
acoustic surface wave is propagated in a direction of the X-axis 
of the substrate and an oscillation of the acoustic surface wave 
occurs at a predetermined frequency, the electrodes having a 
thickness equal to 1 to 4% of a wavelength of the acoustic 
surface wave at the oscillation; and a plasma CVD-deposited 
layer of silicon dioxide covering the electrodes and the 
substrate, the silicon dioxide layer having a refractive index of 
1.445 to 1.486 and a thickness equal to 16 to 26% of the 
wavelength of the acoustic surface wave at the oscillation. 



Fig. I A 




Fig. IB 
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Description 

ACOUSTIC SURFACE WAVE DEVICES 

The present invention relates to an acoustic surface wave element, which can be used for a voltage 
controlled oscillator (VCO), a resonator, a filter, and the like of communication equipment such as a car 
5 telephone and a cordless telephone, and of audio equipment such as a video tape recorder (VTR). In the above 
equipment, an acoustic surface wave element is currently widely used at afrequency of 10 MHz to 1 GHz, and 
must have a wider frequency deviation range and an excellent stability characteristic to temperature for, for 
example, a VCO. 

An acoustic surface wave delay line is known which comprises a substrate of a propagation media and a 
10 surface layer of a media having a temperature dependency delay time opposite to that of the substrate so that 
the temperature dependency delay time of the substrate is reduced (Japanese Unexamined Patent Publication 
(Kokai) No. 47-37154, published on November 30, 1972). This disclosure relates to a general reduction of a 
temperature dependency delay time of a propagation media and is exemplified only by a combination of a 
fused quartz-aluminum. The propagation mediums mentioned are lithium niobate, lithium tantalate, and 
15 cadmium surfide. 

A silicon dioxide layer for the above surface layer has been proposed, to reduce a temperature dependency 
delay time of propagation mediums of an acoustic surface wave device (U.S. Patent No. 3,965,444, issued on 
June 22, 1976). As piezoelectric materials used for the propagation mediums, there are mentioned YZ-cut 
lithium niobate and YZ-cut lithium tantalate (col. 4, 1.2-4 of USP' 444), but such an acoustic surface wave 

20 device is difficult to manufacture because, in the case of the YZ-cut lithium tantalate (the acoustic velocity 
therein is 3230 m/s), at 150 MHz the hK (h = film thickness of the silicon dioxide layer and K = 2%IX where 
X = acoustic wavelength) becomes 3 (col. 4, 1 .31 -35 of USP' 444 , and thus the thickness of the silicon dioxide 
layer must be at least 10.3 urn. A silicon dioxide layer having a thickness of 10 |im causes an increased stress 
in the layer and a longer deposition time (for example, about 11 hours at a deposition rate of 150 

25 angstroms/min), among other disadvantages. 

Also known is an acoustic surface wave element comprising a combination of SiOa/LiTa0 3 (Japanese 
Unexamined Patent Publication (Kokai) No. 55-159612, published on December 11, 1980). This invention uses 
an X-cut LiTaC-3 at an acoustic propagation direction of 1 1 2° to the Y-axis. This acoustic surface wave element 
obtained a large electromechanical coupling factor of 1.44%, but this is a small electromechanical coupling 

30 factor for an acoustic surface wave element using a single crystal of LiTa0 3 and allows only a narrow frequency 
deviation range for the acoustic surface wave element. Further, the electromechanical coupling factor is varied 
depending on the thickness of the Si0 2 layer, and thus it is difficult to manufacture this type of an acoustic 
surface wave element. Furthermore, a problem arises in that, with an increase of the thickness of the Si0 2 
layer the inductance component is reduced and the equivalent series resistance is increased, finally resulting 

35 in a stopping of the oscillation. 

Further, there is reported a structure of Si0 2 /36° Y-X LiTaOs for an acoustic surface wave device (W. Chujo 
et al, "Si0 2 /LiTa0 3 , LiNb0 3 Structure Acoustic Surface Wave Materials Fabricated by Plasma CVD Method", 
Dentsu Gakkai Cho-ompa Kenkyu Shiryo US 80-3, Apr. 1980, pp. 15-20; and W. Chujo et al, "Si0 2 /LiTa0 3 , 
LiNb0 3 Structure Acoustic Surface Wave Materials Fabricated by Plasma CVD Method", Dentsu Gakkai 

40 Cho-ompa Kenkyu Shiryo US 79-16, Jun. 1978, pp 25-30). Here, a zero temperature coefficient of a delay (TCD) 
is reported at TA, = 0.1 1 (T is film thickness of silicon dioxide layer and X is a wavelength). From experiments 
by the present inventors, it was found that a relatively thick aluminum layer is necessary to attain a zero TCD at 
a J/X (where T is a thickness of the silicon dioxide layer) of about 0.1 1 , and the t/X (where t is a thickness of an 
aluminum layer) becomes more than 0.05, lowering the oscillation characteristics. 

45 Quartz can be used as a substrate of an acoustic surface wave element to obtain not more than 100 ppm of 
TCD at -20° C to + 70° C, but quartz has a very small electromechanical coupling factor and is not suitable for a 
VCO with a wide frequency deviation range. 

An embodiment of the present invention can provide an acoustic surface wave element which comprises: a 
substrate of a 36° rotated Y-cut single crystal lithium tantalate having X, Y and Z axes and a top surface and 

50 side walls, electrodes formed on the top surface of the substrate such that an acoustic surface wave is 
propagated in a direction of the X-axis of the substrate and an oscillation of the acoustic surface wave occurs 
at a predetermined frequency, the electrodes having a thickness equal to 1 to 4<Vo of a wavelength of the 
acoustic surface wave at the oscillation, and a plasma CVD-deposited layer of silicon dioxide covering the 
electrodes and the substrate, the silicon dioxide layer having a refractive index of 1.445 to 1.486 and a 

55 thickness equal to 16 to 26% of the wavelength of the acoustic surface wave at the oscillation. 

An acoustic surface wave element embodying the present invention is, for example, suitable for oscillation 
at a frequency in a range of 70 MHz to 1 GHz. 

Figures 1A and 1B are plan and sectional views of an acoustic surface wave element embodying the 
present invention; 

60 Fig. 2 shows a 36° rotated Y-cut single crystal lithium tantalate with a propagation of an acoustic 

surface wave in the X-axis direction; 
Fig. 3 shows a Y-Z substrate; 

Figs. 4A and 4B show respective sectional views of an acoustic surface wave element embodying the 
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present invention, and a previously-considered surface wave element; 

Fig. 5 shows the characteristics of an acoustic surface wave element in relation to the thickness of the 
electrodes; 

Fig. 6 shows the characteristics of an acoustic surface wave element depending on the methods of 
forming the silicon dioxide layer; 

Fig. 7 shows the characteristics of the silicon dioxide layer depending on the flow rate ratio of 
N 2 0/SiH 4 ; 

Fig. 8 shows the characteristics of an acoustic surface wave element in relation to the thickness of the 
silicon dioxide layer; 

Fig. 9 shows the change of the oscillation frequency in relation to the temperature; 

Fig. 10 shows the temperature characteristic of the oscillation frequency in relation to the refractive 
index of the silicon dioxide layer; 

Fig. 11 shows the refractive index of the silicon dioxide layer in relation to the temperature of the 
substrate during the plasma CVD; 

Fig. 12 shows the temperature characteristic of the oscillation frequency in relation to the thickness of 
the silicon dioxide layer, in which the refractive index of the silicon dioxide layer is changed ; 

Fig. 13 shows the temperature characteristic of the oscillation frequency in relation to the thickness of 
the silicon dioxide layer, in which the flow ratio of NgO/SiHU is changed; 

Fig. 14 shows the electromechanical coupling factor in relation to the thickness of the silicon dioxide 
layer; 

Fig. 15 shows the rate of change of the oscillation frequency in relation to the control voltage ; 
Fig. 1 6 shows the oscillation frequency in relation to the thickness of the silicon oxide layer; 
Fig. 17 shows the rate of change of the oscillation frequency in relation to the thickness of the tantalun 
pentaoxide layer; 

Fig. 18 shows the rate of change of the oscillation frequency in relation to the thickness of the silicon 
nitride layer; 

Fig. 19 shows the rate of change of the oscillation frequency in relation to the etching time of the silicon 
dioxide layer; 

Figs. 20A to 20C show the extraordinary oscillations of the elements with and without a pyroelectncity 
preventing film; 

Fig. 21 shows the temperature change schedule for testing the extraordinary oscillations by 
pyroelectricity; and, 

Figs. 22 and 23 show the number of the extraordinary oscillations by pyroelectricity in relation to the 
kinds and the thickness of the pyroelectricity preventing films. 
The following table shows electromechanical coupling factors and temperature coefficients of the oscillation 
frequency (TCF) of various single crystal substrates. 



Crystal 


Cut 


Coupling 


TCF 


direction 


factor 




LiTa0 3 


112° Y-X 


0.750/0 


-18 ppm/°C 


LiTaOs 


36° Y-X 


4.7% 


-32 ppm/°C 


LiNbOs 


128° Y-X 


5.50/0 


-72 ppm/°C 


Quartz 


42.75° Y-X 


0.160/0 


0 



From the above table it is seen that the 36° Y-X substrate (cut from a Y-substrate rotated around the X-axis 
to the Z-axis by 36°) of an LiTa0 3 single crystal has a superior coupling factor to that of quartz but an inferior 
TCF- a superior coupling factor to that of the 1 12° Y-X substrate of LiTaOs single crystal but a slightly inferior 50 
TCF; and a slightly inferior coupling factor to that of the 128° Y-X substrate of LiNbOs single crystal but a 
superior TCF. An embodiment of the present invention can provide an efficient and stable acoustic surface 
wave element by using this 36° Y-X substrate of LiTa03 single crystal while specifying the thickness of 
electrodes from a wavelength of the oscillation acoustic surface wave, and depositing a silicon dioxide layer 
having a thickness specified from the wavelength of the oscillation acoustic surface wave over the electrodes 55 
and substrate, by plasma CVD. 

Figures 1A and 1B illustrate an acoustic surface wave element embodying the present invention. In these 
figs., 1 denotes an acoustic surface wave element, 2 a substrate of 36° Y-X LiTa03 single crystal, 3 drive 
electrodes, 4 reflective electrodes, 5 a silicon dioxide layer, 6 an etching stopper, 7 an insulator for adjusting an 
oscillation frequency, 8 a pyroelectricity preventing film, 9 wires, 10 take-out pins, 11 a stem, and 12 an 60 
adhesive. 

Figure 2 illustrates a substrate 2 of 36° Y-X LiTa0 3 single crystal, which has a main surface involving the 
directions X and Z' and the right angle to the main surface in the direction of Y', while the X, Y and Z axes are 
the crystal axes of the LiTa0 3 . As seen in Fig. 2, the Y' axis is rotated around the X axis toward the Z axis by 
36° . The electrodes 3 and 4 are formed on the main surface of the substrate 2 such that an acoustic surface 65 
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wave is propagated in the direction of the X axis. For reference, Fig. 3 illustrates a Y-Z substrate cut 
perpendicularly to the Y axis, i.e., in the plane of the X and Z axes, wherein electrodes are formed on a main 
surface of the substrate such that an acoustic surface wave is propagated in the direction of the Z axis. 
The drive electrodes 3 are in the form of fingers and the reflective electrodes 4 are in the form of grids, as 
5 shown in Fig. 1 A. The fingers of the drive electrodes 3 and the grids of the reflective electrodes 4 are arranged 
at a pitch of 1/2k (where X is a wavelength of an acoustic surface wave of a desired oscillation frequency), as 
shown in Fig. 4A. Figure 4B illustrates a previously-considered arrangement of electrodes, in which the pitch 
between the drive electrodes 3 and the reflective electrodes 4 is 7/8X. For example, when the oscillation 
frequency is 150 MHz, the width of the finger and the grid of the electrodes is 6.6 urn and the pitch thereof is 

10 1 3.2 urn. The number of fingers of the drive electrodes is 70 pairs and the number of the grids of the reflective 
electrodes is 50 pairs. By the arrangement of the electrodes shown in Fig. 4A, the energy of the acoustic 
surface wave is confined in the substrate and an oscillation is caused by a multiple reflection thereof. The 
oscillation includes substantially no spurious components and the Q value (stability) of the oscillation is 
improved in comparison with that of the arrangement shown in Fig. 4B. 

15 Figure 5 shows a capacitance ratio 7, stability Q. and temperature coefficient of the oscillation frequency, of 
an oscillation in relation to a thickness of electrodes of, in this case, aluminum. Concerning a VCO, the width of 
frequency deviation is wider when the capacitance ratio y is smaller, and therefore, preferably the capacitance 
ratio y is small and the t IX (where t is thickness of electrodes and X is wavelength of oscillation acoustic 
surface wave) is not less than 1°/o, as seen from the top graph of Fig. 5. The stability Q is preferably not less 

20 than 500, and therefore, the t/X is not more than 4Q/6. From these oscillation characteristics, the thickness of 
the aluminum electrodes is preferably from 1 to 4% of the t/X. The bottom graph shows the temperature 
coefficient of the oscillation frequency of the oscillator in relation to the thickness of the electrodes when the 
thickness of the silicon dioxide layer is adjusted such that the temperature coefficient of the oscillation 
frequency of the oscillator becomes zero when t/X = 3% This graph indicates that not less than Wo of t/X is 

25 preferably from the view point of an improved efficiency of the temperature coefficient of the oscillation 
frequency. Therefore, it is clear from the above that the t/X (where t is the thickness of the electrodes) is 
preferably 1 to 4<Vb, more preferably 2% to 3%. 

The materials of the electrodes are not limited to aluminum and include aluminum-silicon alloy (10 wt% or 
less Si), aluminum-copper alloy (10 wt<Vb or less Cu), aluminum-titanium alloy (10 wt% or less Ti), 

30 aluminum-titanium copper alloy (10 wtQ/b or less Ti + Cu), and any of the above-aluminum-alloys/titanium 
bilayer, etc. The electrodes may be formed in any conventional manner, for example, by depositing aluminum 
and then patterning. 

The silicon dioxide layer is preferably formed by an energy-enhanced chemical vapour deposition method, 
such as plasma CVD. Figure 6 shows characteristics of an oscillator when the silicon dioxide layer is formed by 

35 plasma CVD and by RF magnetron sputtering. As seen in Fig. 6, when the silicon dioxide layer is formed by 
magnetron sputtering, the oscillation level is lowered and the oscillation stops before the temperature 
coefficient reaches zero, with an increase of the thickness of the silicon dioxide layer. Therefore, magnetron 
sputtering is not very efficient for the purpose of the present invention. The differences of layers formed by 
plasma CVD and RF magnetron sputtering can be easily found from the deposited layer per se and/or the 

40 characteristics of the oscillator using the layer. 

Figure 7 shows the characteristics of the silicon dioxide layer formed by plasma CVD. As source gases, 
nitrogen suboxide (N 2 0) and silane (Sim) were used. The reaction occurred as shown by the following 
formula: 

SiH 4 + 2N 2 0 -- SiOa + 2H 2 + 2N 2 

45 The flow rate of N 2 0 was constant, 0.25 seem, and the flow rate ratio between N 2 0 and Sim was varied. The 
top graph shows the etching rate, the middle graph the refractive index, and the bottom graph the deposition 
rate. In Fig. 7, when the flow rate ratio of N 2 0/SiH 4 is less than 5/1, the etching rate is lowered and the 
refractive index is increased so that the silicon dioxide layer becomes silicon rich. Accordingly, the flow rate 
ratio of N 2 0/SirU of 5/1 or more was used, even though the deposition rate became low. 

50 Figure 8 shows the oscillation level and the temperature characteristic of the oscillation frequency in relation 
to the thickness of the silicon dioxide layer. The thickness of the silicon dioxide layer is expressed as T/X 
(where T is a thickness of the silicon dioxide layer and X is a wavelength of the oscillation acoustic surface 
wave). The temperature characteristic of the oscillation frequency is expressed in the unit "ppm/°C", i.e., 
difference of oscillation frequency in ppm per change of temperature of 1°C. The acoustic surface wave 

55 element used for the measurement had aluminum electrodes having a thickness of 3% of X. It is seen in Fig. 8 
that, with a silicon dioxide layer deposited at a flow rate ratio of N 2 0/SiH4 of not less than 5/1 by plasma CVD, 
substantially no lowering of the oscillation level occurs and a zero temperature coefficient is obtained near 
T/X = 200/o. 

Figure 9 shows the change of the oscillation frequency in relation to temperature at the above zero 
60 temperature coefficient. In Fig. 9, the change of the oscillation frequency is excellent and is within 10 ppm at a 
temperature range of -10°C to +45°C. 

Figure 10 shows the temperature characteristic of the oscillation frequency in relation to the refractive 
index, in which the solid line A shows the thickness of the silicon dioxide layer obtaining a zero temperature 
coefficient at a refractive index of 1.46 (at a refractive index of 1.46, the thickness of the silicon dioxide layer 
65 obtaining a zero temperature coefficient is minimum), and the broken line B shows the thickness of the silicon 
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dioxide layer obtaining a temperature coefficient of + 5 ppm/° C at a refractive index of 1 .46. Since the desired 
temperature characteristic of the oscillation frequency is within ± 3 ppm/° C, the refractive index of the silicon 
dioxide layer is preferably 1.445 to 1.486, but as seen in Fig. 11, a small refractive index of the silicon dioxide 
layer can be obtained by adjusting the temperature of the substrate during deposition, even though it is 
difficult to control the temperature of the substrate for a small refractive index, and therefore, a refractive index 5 
range of 1.450 to 1.486 is preferable. 

Figure 12 shows a change of the oscillation frequency in relation the thickness of silicon dioxide layer TA, in 
which the refractive index of the silicon dioxide layer and the thickness of the aluminum electrodes (t) were 
varied. For the oscillator shown by the solid line C in Fig. 12, the refractive index is 1 .46 and the tA is 4<Vo. For 
that shown by the broken line D, the refractive index is 1 .46 and the tA is 3<>/o. For that shown by the dotted line 10 
E, the refractive index is 1 .46 and the tA is Wo. For that shown by the two-dotted line F, the refractive index is 
1 .75 and the tA, is 3%. As described before, the thickness of the electrodes is preferably 1 % to 4% as the tA, 
and therefore, when the lines C, D, E and F are seen from this viewpoint, the temperature characteristic of the 
oscillation frequency is changed with the TA, and thus the TA is preferably 18<Vo to 240/o for a temperature 
coefficient of the oscillation coefficient within ±5 ppm/°C. 15 

Figure 13 shows the temperature characteristic of the oscillation frequency in relation to the thickness of the 
silicon dioxide layer (TA), in which the dotted line indicates a flow rate ratio of N20/SiH 4 of 5/1, the broken line 
a flow rate ratio of 10/1, and the solid line a flow rate ratio of 20/1. This figure shows that the temperature 
characteristic of the oscillation frequency is changed by varying the flow rate ratio of N2O/SH-I4. 

From the above data, the following conclusions are reached. 20 

1 ) To obtain a zero temperature coefficient of the oscillation frequency at a ratio of the thickness of the 
electrodes to the oscillation frequency (tA) of 1 to 4<Vo, the ratio of the thickness of the silicon dioxide 
layer to the oscillation frequency (TA) is preferably 1 8% to 24<Vo. 

2) The deviation of the ratio of the thickness of the silicon dioxide layer to the oscillation frequency (TA) 

is preferably within ± 1%, when considering the flow rate ratio of N 2 0/SiH 4 . 25 

3) To suppress the temperature coefficient of the oscillation frequency to within ±5 ppm/°C, the ratio 
of the thickness of the silicon dioxide layer to the oscillation frequency (TA) is preferably 17% to 25%. 

4) To suppress the temperature coefficient of the oscillation frequency to within +5 ppm/°C, 
considering the deviation of the ratio of the thickness of the silicon dioxide layer to the oscillation 
frequency (TA), the ratio of the thickness of the silicon dioxide layer to the oscillation frequency (TA) is 30 
preferably within 16% to 26%, and the refractive index is preferably 1 .455 to 1 .486, as described above. A 
preferable ratio of the thickness of the silicon dioxide layer to the oscillation frequency (TA) is within 18% 

to 220/o. 

Figure 14 shows the electromechanical coupling factor in relation to the ratio of the thickness of the silicon 
dioxide layer to the oscillation frequency (TA), in which the solid line indicates a 36° Y-X substrate for use in an 35 
embodiment of the invention and the broken line shows a 1 12° Y-X substrate. It is seen that the change of the 
electromechanical coupling factor of the 36° Y-X substrate is much smaller than that of the 112° Y-X 
substrate. 

Figure 15 shows a rate of change of the oscillation frequency in relation to a control voltage, in which the 
solid line indicates a ratio of the thickness of the silicon dioxide layer to the oscillation frequency (TA) of 40 
19.5%, the broken line that of 20.0%, and the dotted line that of 20.5%. It is seen that the rate of change of the 
oscillation frequency of the respective elements is almost linearly changed with the control voltage at a voltage 
of 5 V or less and the slope of the line is about 0.1 %/V. 

Using a 36° Y-X substrate of LiTa03 , for example, in an acoustic surface wave element for a VCO with an 
oscillation frequency of 1 55 MHz, the width of the frequency deviation is 900 ppm/V to 1 200 ppm/V, which is far 45 
wider than that of a 1 12° Y-X substrate of LiTa0 3 of 50 ppm/V to 150 ppm/V; and the temperature coefficient of 
oscillation frequency is within ± 5 ppm/° C and may be made zero by selecting the thickness of the electrodes 
and the conditions of the plasma CVD of the silicon dioxide layer. 

Returning to Fig. 1B, the electrodes 3 are electrically connected to an outer circuit through the wires 9 and 
the pins 1 0, and the silicon dioxide layer 5 is locally etched so that the wires 9 can be bonded to the electrodes 50 
3. The local etching is preferably carried out by wet etching, to ensure that the electrodes 3 are not damaged, 
but inevitably the electrodes are slightly etched which is not preferable. To prevent this unfavorable etching 
during the local etching of the silicon dioxide layer, an etching stopper of a metal 6 may be formed before 
depositing the silicon dioxide layer 5, so that the electrodes 3 are not damaged during the local etching of the 
silicon dioxide layer 5. The metal of the etching stopper 6 may be, for example, chromium, nickel, cobalt etc. 55 

Also in Fig. 1B, an insulator is provided for adjusting an oscillation frequency 7 of preferably tantalun 
pentaoxide. The adjustment of the oscillation frequency may be carried out by adjusting the width or thickness 
of the electrodes, etc., but this is difficult when the patterns of the electrodes are fine. To solve this difficulty, in 
an embodiment of the present invention, an insulation layer 7 is deposited over the silicon dioxide layer 5 at an 
appropriate thickness after or particularly while measuring or monitoring the oscillation frequency of an 60 
element, so that the oscillation frequency is adjusted to a desired frequency. This method of adjusting the 
oscillation frequency is easy, effective and precise. For example, if a silicon oxide film is deposited over the 
silicon dioxide layer 5 by electron beam evaporation, the acoustic velocity is faster in the lithium tantalate than 
in the silicon dioxide layer and the silicon oxide film in that order, and as a result, the oscillation frequency of 
the acoustic surface wave element of lithium tantalate is reduced by the presence of the silicon dioxide layer, 65 



5 



EP 0 353 073 A2 



which is further reduced by the presence of the silicon oxide film. The silicon oxide film may be replaced by a 
film of, for example, tantalun pentaoxide or silicon nitride. Alternatively, the surface of the silicon dioxide layer 5 
can be etched to increase the oscillation frequency of the element. Therefore, by these methods of adjusting 
the oscillation frequency, particularly in combination with a simultaneous monitoring of the oscillation 
frequency, an acoustic surface wave element with a desired oscillation frequency can be obtained. 

Figure 16 shows the oscillation frequency of an acoustic surface wave element with a silicon oxide film 
formed over the silicon dioxide layer 5 (3.75 urn in thickness) by electron beam evaporation as the insulator 7 
for adjusting the oscillation frequency, in relation to the thickness of the silicon oxide film 7. It is seen that, 
when the silicon oxide film 7 had a thickness of 0.2 urn, the oscillation frequency of the element was reduced 
from 178.0 MHz to 176.64 MHz (1.36 MHz reduction), and therefore, the oscillation frequency of 177 MHz can 
be obtained by a silicon oxide film with a thickness of 0.15 urn. 

Figure 17 shows the rate of change of the oscillation frequency of an acoustic surface wave element with a 
tantalun pentaoxide film as the insulator 7 for adjusting the oscillation frequency, in relation to the thickness of 
the tantalun pentaoxide film 7. The rate of change of the oscillation frequency was about -0.29% when the 
tantalun pentaoxide film had a thickness of 0.005 urn, and about -0.58% at a thickness of 0.01 urn. 

Figure 18 shows the rate of change of the oscillation frequency of an acoustic surface wave element with a 
silicon nitride film as the insulator 7 for adjusting the oscillation frequency, in relation to the thickness of the 
silicon nitride film 7. The rate of change of the oscillation frequency was about -0.67% when the silicon nitride 
film had a thickness of 0.18 urn, and about -1.1% at a thickness of 0.3 urn. 

Figure 19 shows the rate of change of the oscillation frequency of an acoustic surface wave element in which 
the silicon dioxide layer was etched for adjusting the oscillation frequency, in relation to the time of the etching. 
The etching was carried out by plasma etching in an atmosphere of carbon tetrafluoride, or a mixture of carbon 
tetrafluoride with an appropriate amount of oxygen, which does not corrode the electrodes and wires for 
monitoring. The samples 1 to 3 were etched under the following different etching conditions: 



Frequency MHz Flow rate of CF 4 Vacuum mTorr 
SCCM 



175.09 20 
176.31 20 
176.03 20 



35 The rates of change of the oscillation frequency of an acoustic surface wave element are changed linearly 
with the etching time. 

Returning to Fig. 1B, the acoustic surface wave element 1 has a pyroelectricity preventing film 8 on the side 
walls and the bottom surface thereof, according to a preferred embodiment of the present invention. 
Pyroelectricity occurs due to a change of the temperature of a piezoelectric material, and generates electric 

40 charges stored on the surfaces of the piezoelectric material; this is undesirable since it may cause discharge 
and extraordinary oscillation. The pyroelectricity preventing film 8 may be made of dielectric materials such as 
AI2O3 , S1O2 , Ta 2 0 5 , B 4 C, SiC, TiC, TO2 , AIN, Si 3 N 4 ; electric conductors such as titanium, chromium, gold; 
or electrically-conductive resins. The surface of the lithium tantalate substrate perpendicular to the X-axis of 
the lithium tantalate crystal is theoretically free from pyroelectricity, but minor defects may be formed by 

45 chipping during dicing, causing extraordinary oscillation, and therefore, that surface is preferably also covered 
by the pyroelectricity preventing film. The top surface of the substrate is already provided with a dielectric layer 
of the silicon dioxide layer 5 for controlling the temperature characteristic of the element in this embodiment, 
and therefore, no additional dielectric film for preventing the pyroelectricity is necessary on this surface. 
Further, no electrically-conductive material should cover this top surface of the substrate because of the 

50 electrodes and wires. 

Figure 20A shows the extraordinary oscillation due to pyroelectricity of an acoustic surface wave element 
without a silicon dioxide layer 5 and a pyroelectricity preventing layer 9, in which the abscissa is the frequency, 
To examine the extraordinary oscillations due to pyroelectricity, a temperature change schedule as shown in 
Fig. 21 was applied to the element. Figure 20B shows the extraordinary oscillation due to pyroelectricity of an 

55 acoustic surface wave element with a silicon dioxide layer 5 but without a pyroelectricity preventing layer 9. It is 
seen that the extraordinary oscillation due to pyroelectricity was considerably reduced by the silicon dioxide 
layer 5 but still occurred. Figure 20C shows the extraordinary oscillation due to pyroelectricity of an acoustic 
surface wave element with a silicon dioxide layer 5 and a pyroelectricity preventing layer 9. The extraordinary 
oscillation due to pyroelectricity was completely eliminated by the silicon dioxide layer 5 and the pyroelectricity 

60 preventing layer 9. 

Figure 22 and 23 show the number of extraordinary oscillations due to pyroelectricity in a predetermined 
time, of acoustic surface wave elements with a silicon dioxide layer 5 and a pyroelectricity preventing layer 9 of 
various dielectric materials, in relation to the thickness of the dielectric layer. It is seen that the extraordinary 
oscillation completely disappeared when the thickness of the dielectric layer was 0.02 urn or more. 

65 
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1 . An acoustic surface wave device of the kind having operating electrodes (3, 4) formed on a main 
surface of a monocrystalline piezoelectric substrate (2), such that when it is in operation an acoustic 
surface wave of a predetermined frequency is propagated in a preset direction over the said main surface, 
there being a layer of silicon dioxide (5) deposited over the said main surface so as to cover the said 
operating electrodes thereon, which layer was produced by an energy-enhanced chemical vapour 
deposition method; characterised in that the thickness of the said layer (5) is in the range from 16 percent 
to 26 percent of the wavelength of the said acoustic wave. 

2. A device as claimed in claim 1 , wherein the silicon dioxide layer (5) has a refractive index in the range 
from 1.445 to 1.486. 

3. A device as claimed in claim 1 or 2, wherein the operating electrodes (3, 4) have a thickness, 
measured perpendicularly to the said main surface, in the range from 1 percent to 4 percent of the said 
wavelength. 

4. A device as claimed in claim 1, 2 or 3, wherein the monocrystalline substrate (2) is made of lithium 
tantalate. 

5. A device as claimed in claim 4, wherein in relation to x, y and z crystal axes of the monocrystalline 
substrate the said main surface is a plane containing the x axis and perpendicular to a line obtained by 
rotating the y axis, about the x axis, through 36° towards the z axis; the said preset direction being along 
the x axis. 

6. A device as claimed in any preceding claim, wherein the operating electrodes include drive 
electrodes (3) spaced from adjacent reflective electrodes (4), in the said preset direction, by a distance 
substantially equal to one half of the said wavelength. 

7. An acoustic surface wave element, comprising: 

a substrate of a 36° rotated Y-cut single crystal lithium tantalate having X, Y and Z crystal axes and a top 
surface and side walls; 

electrodes formed on the top surface of the substrate such that an acoustic surface wave is propagated 
in a direction of the X-axis of the substrate and an oscillation of the acoustic surface wave occurs at a 
predetermined frequency, the electrodes having a thickness equal to 1 to 4<>/o of a wavelength of the 
acoustic surface wave at the oscillation; and 

a plasma CVD-deposited layer of silicon dioxide covering the electrodes and the substrate, the silicon 
dioxide layer having a refractive index of 1.445 to 1.486 and a thickness equal to 16 to 26°/o of the 
wavelength of the acoustic surface wave at the oscillation. 

8. An acoustic surface wave element according to claim 7, wherein the silicon dioxide layer has a 
refractive index of 1 .450 to 1 .486. 

9. An acoustic surface wave element according to claim 7 or 8, wherein the electrodes have a thickness 
equal to 2 to 3% of a wavelength of the acoustic surface wave at the oscillation. 

10. An acoustic surface wave element according to claim 7, 8 or 9, wherein the silicon dioxide layer has a 
thickness equal to 1 8 to 22% of the wavelength of the acoustic surface wave at the oscillation. 

11. An acoustic surface wave element according to any one of claims 7 to 10, having a temperature 
coefficient of the oscillation frequency of not more than 5 ppm/°C. 

12. An acoustic surface wave element according to any one of claims 7 to 1 1, further having an insulator 
film deposited over the silicon dioxide layer for adjusting the oscillation frequency. 

13. An acoustic surface wave element according to any one of claims 7 to 12, further having a dielectric 
layer at least on the side walls of the substrate, for preventing pyroelectricity. 

14. An acoustic surface wave element according to any one of claims 7 to 13, further having an electric 
conductor layer at least on the side walls but not on the top surface of the substrate, for preventing 
pyroelectricity. 

15. An acoustic surface wave element according to any one of claims 7 to 14, further having an etching 
stopper of a metal on the electrodes and outer wires connected thereto through windows of the silicon 
dioxide layer formed on the etching stopper. 
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